Supplementary Methods

General reagents
Unless otherwise noted, reagents were purchased from the commercial suppliers Fisher (Fairlawn, NJ) and Sigma-Aldrich (St. Louis, MO) and were used without further purification.
Synthesis of aminooxy-functionalized PEG derivatives 2 and 3. To synthesize 2, methoxypolyethylene glycol 2,000 propionic acid N-succinimidyl ester (Laysan; 0.1 mmol) was dissolved in DMF (3.5 ml), and benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP; 1 mmol) and N,N-diisopropylethylamine (4 mmol) were added.
For the synthesis of 3, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC; 1 mmol), hydroxybenzotriazole (HOBt; 1 mmol), and N,N-diisopropylethylamine (4 mmol) were added to a solution of methoxypolyethylene glycol 5,000 propionic acid (Sigma-Aldrich; 0.1 mmol) in CH 2 Cl 2 (3.5 ml). After stirring for 30 min at room temperature (RT), 1,2-diaminooxyethane dihydrochloride (1 mmol) 1 was added to each reaction mixture, and the solutions were allowed to stir for 2 d. The desired compounds were isolated by precipitation in ice-cold isopropyl alcohol to afford white solids (88% for 2 and 3). 1 Chemoenzymatic labeling of purified CREB with PEG mass tags. CREB mono and CREB co were over-expressed and purified from Sf9 cells as described 2 . CREB co (0.52 µg of a 1:5 mixture of CREB:OGT) and CREB mono (0.13 µg per reaction) were incubated with Y289L GalT (0.1 mg ml -1 ; expressed and purified as described 3 ) and UDP-ketogalactose derivative 1 (500 µM;
synthesized as reported 4 ) in buffer containing 10 mM HEPES pH 7.9, 10 mM MnCl 2 , 100 mM NaCl, Complete™ protease inhibitor cocktail (Roche) and 1 mM PMSF (8.3 µl total reaction volume) for 16 h at 4 °C. Negative controls were processed in parallel in the absence of 1. The samples were diluted to 25 µl per reaction and dialyzed into denaturing buffer (5 M urea, 10 mM HEPES pH 7.5, 1 mM PMSF; 3 x 3h), after which the sample was acidified to pH 4.5 with 1.8 M NaOAc (final concentration 50 mM) and reacted with 4 mM of 2 or 3 (60 mM stock in H 2 O) for 20-24 h at RT. Reactions were stopped by neutralization with 1 M HEPES pH 7.9 and boiling in SDS-PAGE sample loading dye (50 mM Tris pH 6.8, 100 mM DTT, 2% SDS, 0.05% bromophenol blue, 10% glycerol).
Testing for complete incorporation of the aminooxy-PEG derivative into CREB. CREB mono (0.13 µg per reaction) was subjected to chemoenzymatic labeling with 1 and Y289L GalT as described above to generate ketogalactose-modified CREB mono . Previous studies have demonstrated that this enzymatic step proceeds quantitatively 4 . The resulting sample was dialyzed into denaturing buffer (5 M urea, 10 mM HEPES pH 7.5, 1 mM PMSF; 3 x 3h) and divided into two equal portions. One portion was incubated with 3 for 24 h at RT under The glycosylation stoichiometry of Nup62 was quantified as described in the Methods section.
Culturing of embryonic rat cortical neurons and 293T cells. Cortical neurons from E18 Long
Evans rats were cultured as described 5 . Cells were plated on poly-DL-ornithine-and fibronectin-(Sigma) coated dishes. Neurons were maintained for up to 5 days in vitro (DIV) in Basal Medium Eagle (Sigma) containing 5% fetal bovine serum, penicillin (100 U ml -1 ), streptomycin (100 mg ml For kinetic studies of mono-and diglycosylation of CREB, crude nuclear extracts were prepared from cell cultures to enrich the sample. Cell cultures were washed twice with ice-cold PBS and lysed in ice-cold cytoplasmic lysis buffer (10 mM HEPES, 10 mM KCl, 2 mM MgCl 2 , 0.5% NP-40, 0.2 mM Na 3 VO 4 , 0.5 mM NaF, 50 mM GlcNAc, 10 µM PUGNAc, protease inhibitor cocktail, and 1 mM PMSF). Lysates were centrifuged at 4,000 xg for 5 min at 4 °C, and the supernatant was discarded. The crude nuclear pellets were then lysed with an equal volume of 2% SDS with protease inhibitors, sonicated, boiled for 5 min, and centrifuged at 21,885 xg for 10 min.
To label CREB from tissue samples, tissues from adult Sprague Dawley rats were finely minced with a razor and homogenized using a Kontes all glass Dounce homogenizer (B type pestle) in ice-cold cytoplasmic lysis buffer (described above). Lysates were centrifuged at 4,000 xg for 5 min at 4 °C, and the supernatant was discarded. Pellets were washed once with 20 mM HEPES, 25% glycerol, 2 mM MgCl 2 , 1 mM EDTA, 50 mM GlcNAc and protease inhibitors, and centrifuged again at 4,000 xg for 5 min at 4 °C. The crude nuclear pellets were then lysed with an equal volume of 2% SDS with protease inhibitors, sonicated, boiled for 5 min, and centrifuged at 21,885 xg for 10 min. Supernatants were collected and protein concentrations determined using the BCA assay.
General procedure for immunoblotting. Immunoblotting was performed using standard methods 6 . The following primary antibodies were used: CREB (5432, Chemicon, 1:1000), Measuring the relative glycosylation rates of mono-and diglycosylated CREB. Neuro2a cells were treated GlcN for 0, 15, 30, 120 or 360 minutes. Crude nuclear extracts were prepared, and each sample (100 µg) was subjected to chemoenzymatic labeling with PEG derivative 2 as described in the Methods. Following resolution by SDS-PAGE and gel transfer, the membranes were immunoblotted with an anti-CREB antibody. For each sample, the percentage of monoglycosylated or diglycosylated CREB, minus the initial amount of each glycoform (at t = 0), was quantified and plotted as a function of time. The apparent rate constants were approximated as follows:
If we assume that the UDP-GlcNAc concentration remains constant at a given time point and thus does not contribute significantly to the relative rates of mono-versus diglycosylation and that the reverse reactions under conditions of GlcN stimulation are small (i.e. k 1 >> k -1 and k 2 >> k -2 ), then
And the relative rate of formation of monoglycosylated CREB to diglycosylated CREB,
Solving for the ratio of the rate constants,
The relative rate of formation of monoglycosylated CREB to diglycosylated CREB (relative rate (mono:di) = 4.0) was calculated as the ratio of the initial rates of formation of each species, which was the slope of the linear fit across the first three time points in the graph. From this value, the ratio of the rate constants for mono-and diglycosylation of CREB (k 1 /k 2 ) was approximated at 15 min and 30 min to be 2.9 and 3.3, respectively, and the average value of 3.1 was reported. Supplementary Figure 5 . The PEG-labeling reaction proceeds to completion. CREB mono was chemoenzymatically labeled with UDP-ketogalactose derivative 1 and Y289L GalT, followed by reaction with aminooxy-functionalized PEG 3.
The protein was then reacted with an aminooxy biotin derivative to cap unreacted ketone groups, resolved by SDS-PAGE, and immunoblotted simultaneously with an anti-CREB antibody and streptavidin-IR800. Biotin incorporation was detected only in the control reaction lacking 3. 1 was excluded as a control for selectivity.
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